Introduction
The discovery and characterization of hydrous magnesium silicates that are stable to at least the pressures and temperatures of the Earth's upper mantle raise the question of their stability and existence as H20 reservoirs within the Earth's lower mantle [Ringwood and Major, 1967 The Hugoniot to 88 GPa of a serpentinized rock from VerMyen, Italy, has been determined by McQueen (compiled by Marsh [1980] ). This material has an initial density of 2.80 g/cm 3 and has a total Mg/[Mg+Fe] ratio of 0.9, whereas pure Mg end-member serpentine has a density of 2.50-2.55 g/cm3.
Optical microscopic examination of the Ver-Myen serpentine reveals that it is an incompletely metamorphosed ultramafic rock; a number of the individual mineral grains comprising the rock consist of olivine and orthopyroxene cores surrounded by serpentine. Thus the H20 content is not known and is not uniformly distributed. This material undergoes a transition to a mixed phase at about 40 GPa on the Hugoniot that is complete by about 70 GPa. To determine the shock equation of state of pure, magnesium end-member serpentine, we examined the shock properties of three polycrystalline serpentines: (1) a lizardite serpentine found near Globe, Arizona, (2) an antigorite serpentine from Thurman, New York, and (3) a chrysotile serpentine from Quebec, Canada. dimensions and mass) differed by less than 2% in all cases. The shock wave experiments were carried out using either a two-stage light gas gun (LGG) or a 40 mm bore propellant gun (40 mm gun). The experimental methods have been presented elsewhere and are discussed here only briefly [Ahrens et al., 1977; Jeanloz and Ahrens, 1980; Ahrens, 1987] . In each experiment, the impact velocity of the projectile and the shock velocity through the sample and through buffer materials mounted on the rear surface of the sample are measured. The projectile velocity is determined using flash X ray radiography; shock wave velocities are determined using rear surface arrival mirrors and streak camera photography. The shock Hugoniot state is calculated using impedance matching conditions and a partial or fully released state is determined using the Riemann integral method [Rice et al., 1958; Lyzenga and Ahrens, 1978] . The shock equations of state of the projectile (A1, W, Ta, and Pt) and buffer materials (polystyrene foam, graphite foam, and lexan) are listed along with their sources in Table 2 . For some of the shots, streak camera cutoffs could be observed for both the centrally mounted buffer material (usually polystyrene foam) and for the lexan sample arrival mirrors mounted on the rear sample surface on either side of the central buffer material. Thus a single shock experiment occasionally yielded two partially released state data points. The Hugoniot and release state data are listed in Table 3 .
Errors in the derived parameters are estimated by propagating the errors of the measured parameters through the impedance match relations [Bevington, 1969; Jackson and Ahrens, 1979] .
Results
The experimental results are listed in Table 3 Table 3 . The release density is calculated using a straight line approximation to the Riemann integral, and thus represents an upper bound on the density for a given release pressure.and particle velocity [Lyzenga and Ahrens, 1978] . Release paths originating from Hugoniot states at or below about 20 GPa indicate post shock densities up to about 15% greater than the initial density. Thus for moderate shock compressions the density increase on the Hugoniot is not completely recovered upon isentropic release. Between about 20 and 50 GPa on the Hugoniot, a shock pressure range encompassing part of the LPP region and the mixed phase region, the isentropic release paths are extremely variable in P-p space. Certain paths indicate complete release densities lower than the initial sample density (for example, shot 40-662), suggestive of partial devolatilization upon release, whereas others indicate complete release densities greater than the initial density (for example, Figure 4) . Values of complete release density greater than initial density (Table 3) Figure 6 using the parameters listed in Table 4 . For the LPP, the temperature range shown represents a factor of 2 variation in To. For the HPP, the temperature range shown represents the range calculated using each of the two sets of parameter values in [Liu, 1986 [Liu, , 1987 indicates that a number of hydrous phases, among them brucite, phase A, phase B, and possibly phase D (Table 5) 
where Fi is the mass fraction of component i (H20 or oxide mix) in serpentine and Pi is the component's density. Table 7 summarizes the equation of state parameters used for the individual oxides and oxide mixtures. (Table 7) , and H20. The anhydrous mixed oxides have the lowest temperature Hugoniots, H20 the highest temperature Hugoniots. At 100 GPa, the mixed oxide Hugoniots lie between 2400 and 2800 K, the serpentine HPP Hugoniot is between 4200 and 4800 K, and the water Hugoniot occurs at about 6500 K. The Hugoniot densities of H20 and the oxide mixtures adjusted to the temperature of the serpentine Hugoniot are shown as dashed lines in Figure 7 . The density corrections for H20 were made using the Bakanova equation of state discussed earlier. Density corrections for the oxide mixtures were made using the MieGruneisen equation of state, the parameters in Table 7 , and assuming that Cv is equal to 3R. The effects on bulk density of cooling the H20 and heating the Pv + Pe Hugoniots cancel almost completely; incorporation of the temperature effects reduce the density of the H20 + Pv + Pe mixed oxide Hugoniot by less than 0.04 g/cm 3 between 50 and 140 GPa. Ta and Pt bulk rarefaction velocities were calculated assuming that the product qtp is a constant (qto is given in Thus uncertainties in the sample release wave velocity do not affect our conclusion. It is very unlikely that longitudinal attenuation occurred in these experiments. Lateral attenuation of the shock wave occurs when the region of the shock front that would normally strike the sample mirrors has been entirely disrupted by lateral rarefactions originating at sample edges. The release angle defines the region of the target that is perturbed by lateral rarefactions. The geometry is sketched in Figure A2 . The critical target release angle 0crit is the release angle for which the entire sample mirror falls just within the perturbed region; it is determined by sample mirror width and sample thickness ( Figure A2 on the values of the parameters employed, particularly 7, and because there are no indications of lateral disruption in the photographic shot records, we feel that these release angle estimates do not justify rejection of any of the shock data. In particular, the shots into the VHPP regime (shots 204 and 231) are among the most secure data points with respect to possible lateral and longitudinal attenuation.
